Graphite flake (natural, ~325 meshes, 99.8%) was purchased from ABCR GmbH (Germany).
spectra were recorded with a Bruker 400 MHz spectrometer with tetramethylsilane (TMS) as the internal standard. Electrospray ionization (ESI) mass spectra were measured on a Bruker Esquire 6000 instrument.
Synthesis
Scheme S1 Synthesis route of 4-(2-trimethylsilyl)-ethynylaniline 1. Scheme S2 Synthesis route of zinc porphyrin derivatives.
4-(2-
trimethylsilyl
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Azide-terminated zinc-porphyrin (Zn-P-N 3 ) 3. Hydrochloric acid (10%, 1 mL, v/v) was added to a stirred solution of amino-terminated zinc-tetraphenyl-porphyrin 2 1 (200 mg, 0.288 mmol) in THF/H 2 O (20 mL, v/v = 9/1). NaNO 2 (19.9 mg, 0.288 mmol) dissolved in deionized water (0.5 mL) was added. The mixture was stirred for 10 min at 0°C. A solution of NaN 3 (18.7 mg, 0.288 mmol) in deionized water (0.5 mL) was added dropwise and the reaction was carried on under stirring for 30 min. The equal amount of NaN 3 (18.7 mg, 0.288 mmol) in deionized water (0.5 mL) was added dropwise and the reaction stirred for 2 h. The solution was diluted with deionized water (5 mL) and extracted with DCM (3×15 mL). And then the organic layer was washed with saturated NaHCO 3 (15 mL). Azide-terminated ruthenium-phenanthroline derivative (Ru(bpy) 2 ].
Preparation of graphene oxide (GO). GO was prepared from natural graphite powder using the modified Hummers and Offenman's method with H 2 SO 4 and KMnO 4 .
3 As-prepared GO was suspended in ultra-pure water to give a brown dispersion, which was subjected to dialysis to completely remove residual salts and acids for one week. The resulting purified graphene oxide powders were dried by P 2 O 5 under vacuum for two weeks.
Preparation of GS. GO (30mg) was dispersed in H 2 O/DMF (100mL, 1/9, v/v) and homogenized using ultrasonic at 200W power for 10 min. The pH was adjusted to 10 using ammonia water. The resulting GO dispersion was reduced with 80% hydrazine hydrate (300 µL, 12.84 mmol) at 100°C under N 2 for 24 h followed by centrifugation (3000 rpm, 20 min)
to remove large aggregates, yielding GS dispersion decant with a typical concentration of 0.3 mg/mL.
Preparation of T-GS.
A suspension of GS dispersion (15 mg) in N-methylpyrrolidone (NMP, 60 mL) and 1 (475 mg, 2.5 mmol, 2eq C) was first added and then the suspension was sonicated for 30 min. After transfer to a septum-capped flake and bubbing with N 2 for 20 min, isoamyl nitrite (400 µL, 3 mmol, 2.4eq C) were quickly added and the reaction mixture was stirred at 70°C overnight under N 2 . After cooling to room temperature, the suspension was filtered on a polytetrafluoroethylene (PTFE) membrane and the black solid was washed several times with DMF/DCM (1/1, v/v) until the unreacted 1 was completely removed (monitored by thin layer chromatography). The suspension was sonicated and redispersed in NMP (60 mL), and the entire procedure was repeated another time. A small part (1.0 mg) of the solid on the filter was collected for analyses and the rest was redispersed in DMF. remove sodium ascorbate, copper catalyst and free 8, the black solid was sonicated and washed with mixture of DMF/water (4/1, v/v) and then filtered. These operations were repeated several times and the RuP-GS finally washed with EtOH. These operations were repeated until no 8 was contained in filtrate (checked by UV-Vis absorption).
In situ deprotection of 4-(2-trimethylsilyl) ethynyl-GS (T-GS). To a suspension of T-GS
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Characterization

Fig. S1 Photographs of (a) T-GS, (b) ZnP-GS and (c) RuP-GS in various solvents.
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The first and simplest qualitative test to determine the successful chemical modification involved checking dispersibility of the product in common solvents. presents the HR-TEM of T-GS on copper grid, which shows that the sheet exists as monolayer. These images revealed that the T-GS sample prepared under our condition mostly exists as large monolayer sheets with the width of several microns. The Raman spectrum of RuP-GS is almost identical to that of T-GS, thus implying that no further structural perturbation of the graphene skeleton occurred upon treatment of the deprotected T-GS with azide-terminated ruthenium-phenanthroline derivative. The Raman spectrum of RuP can hardly be observed due to the strong luminescence from RuP.
XPS spectra recorded for RuP-GS (Fig. S3c) give rise to the spectroscopic signature of
carbon, oxygen, nitrogen and ruthenium. The Ru 3p3/2 band appearing at a binding energy of 462.59 eV. 6 This XPS data proves the presence of RuP derivative in the RuP-GS, in accordance with the FTIR and Raman results. The N 1s band of the sample shows the diagnostic signature of the nitrogen atoms as part of the formed triazole ring, the lack of a peak corresponding to free azide groups at 405.0 eV unambiguously indicates that azide-terminated ruthenium-phenanthroline derivative was covalently attached to the GS surface via a triazole ring and was not simply physisorbed on the surface by π-stacking interaction. Analysis of the Ru 3p3/2 region of RuP-GS and the calculation of the ratio of (Ru 3p3/2 /C 1s ) allows us to determine the number of functional groups on the GS surface. A quantitative analysis of the XPS data in the Ru 3p3/2 and C 1s regions allows us to estimate the ratio of the attached RuP group and the graphene carbon atom, which give 1: 88 (Table S3) . The quantitative contents of alkyne, ZnP and RuP moieties were calculated from the XPS spectra of the T-GS, ZnP-GS and RuP-GS samples. Based on the atomic ratio of C to Si as determined from the C 1s and Si 2p peaks ( Fig. S4 and Table S1 ), we determine the number of functional trimethyl-(phenylethynyl)-silane (C 11 H 13 Si) unites on the T-GS surfaces by the calculation: N C = (83.56-0.92×11)/0.92 = 79.8, which means that one alkyne group is covalently attached with ~ 80 carbon atoms in the T-GS complex.
Using the same calculation method, from the atomic ratio of C to Zn in the ZnP-GS complex (Table S2) , we can obtain that one ZnP molecule (C 52 H 33 N 7 Zn) is covalently Similarly, from the atomic ratio of C to Ru in the RuP-GS complex (Table S3) These results indicate that nearly all the surface attached alkyne unites were converted into triazole moieties, which give high surface coverage of ZnP and RuP. It is concluded from the quantitative XPS analysis that our surface modification method is highly efficient. As shown in Fig. S8 , the TGA were performed on GO, GS, ZnP-GS and RuP-GS heated in a TGA instrument from room temperature to 830°C at heating rate of 10 °C min -1 under air atmosphere. It was observed that GO is almost complete combustion of the material occurs upon heating the sample in air, the residual weight being ~ 0.5%, and there are two significant drops in mass around 190 and 522 °C. The former is decomposition of the labile oxygen-containing functional groups, yielding CO, CO 2 , and steam, and the latter is attributed to pyrolysis of the carbon skeleton of GO. After using chemical method to reduce GO with hydrazine hydrate, the GS shows gradual weight loss in the temperature ranges from 150 to 300 °C and significant weight loss around 540 °C, respectively. The former can be attributed mostly to the COOH groups that are incomplete dearomatized, and the latter can be attributed to the pyrolysis of the carbon skeleton of GS. In addition, the percentage of residual weight at 830 °C of ZnP-GS and RuP-GS are ~ 8.1% and ~ 11.2%, respectively.
They are both higher than that of GO (~ 0.5%) and GS (~ 5.1%). We attribute the increase in the non-carbonaceous material in ZnP-GS and RuP-GS to zinc oxides and ruthenium oxides arising from the combustion of ZnP-GS and RuP-GS. These are consistent with earlier reports for SWNTs covalently functionalized by porphyrin or ruthenium-phenanthroline complexes. substrates. The top-view images of ZnP-GS and RuP-GS films (Fig. S9 a, b) show that the films are continuous and very uniform. The films consist of large size graphene sheets with no evidence of aggregation. The side-view image of these films (Fig. S9 c, d ) illustrate that the films consist of well-layered structure, and their thicknesses are ~ 600 and ~ 800 nm for
ZnP-GS and RuP-GS films, respectively.
